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The purpose of this study was to create a standard motion model of a basketball set shot. 
Twenty-one male collegiate basketball players participated in three-dimensional data 
collection session (Vicon MX+, 250Hz), and the method proposed by Ae, et al. (2007) was 
used to create a standard motion model. The set shot motion in the standard motion model 
started with the shoulder flexion and hip extension in the downward phase, followed by the 
sequential motions of the knee, ankle, shoulder, elbow and wrist joints in the upward phase. 
Immediately before the ball release, the elbow and wrist joints were abruptly extended. The 
motion variation in the wrist, elbow and shoulder joints just before the ball release were 
small, implying there must be some commonality in these joint motions. 
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INTRODUCTION: There are three basketball offense techniques: dribble, pass and shoot 
(Hay, 2011). Among them, the shoot technique, which is the only means of directly connecting 
to the score, is said to be the most important technique in basketball (Japan Basketball 
Association, 2016). The technique of basketball always depends on the physical 
characteristics of players such as body height, weight, strength and the details of their 
movements may not be exactly the same. However, for the successful shot, there should be 
some common elements, and it is said that the elements appear in a technique of a good 
shooter (Takei, 1984). Ae et al. (2007) and Murata et al. (2008) prepared standard motion 
models for various sport techniques as the averaged motion of skilled players, considering 
variation in motion and deviation from the standard motion. In the present study, we intended 
to prepare the standard motion model of a basketball set shot as one of teaching tools. 
 
METHODS: The task was to throw the ball from a line 4.25 m behind a backboard into a ring 
(height, 3.05 m).The participants were 21 male basketball players belonging to the men's 
second division Kanto University Basketball League (height, 1.79 ± 0.08 m, mass, 76.5 ± 9.0 
kg, experience years, 11.1 ± 1.7 yrs.). Based on the five-degree introspection rating by players, 
the trial in which the shoot succeeded and the evaluation rate was 4 or 5 was chosen as an 
analysis target trial. Three-dimensional coordinates data of 47 reflective markers on the body 
were collected using 20 cameras of an optical three-dimensional motion capture system 
(VICON MX+, Vicon Motion System) operating at 250 Hz. The three-dimensional coordinates 
data of body landmarks during the basketball set shot were smoothed by Butterworth digital 
filter at a cut off frequencies ranging from 4 to 18 Hz, as determined by the residual method 
(Winter, 2009).  The standard motion model was created from three-dimensional coordinates 
data by the method of Ae et al. (2007). In this study, joint angles of the shoulder, elbow, wrist, 
hip, knee, ankle joints were calculated. This study was approved by the Research Ethics 
Committee of Nippon Sport Science university(No.017- H107). 
 
RESULTS: Figure 1 shows the standard motion model of the set shot. Based on the vertical 
displacement of the right hip, the downward and upward phases were set at 80% and 20%, 
respectively. Figure 2 shows changes in averaged joint angles of the standard motion model. 
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Figure 1 Stick pictures of the standard motion model of set shot (males, n=21). 
Figure 2 Changes in joint angles of the standard motion model of the set shot. 
 
The marks shown in Figure 2 show the instant when the joint was switched from flexion / 
extension to extension / flexion. In the standard motion model of the set shot, the hip, knee 
and elbow joints were flexed first in the downward phase, but the shoulder flexion and hip 
extension began from about 30 % time and prepared for raising the upper arm and the ball. 
The knee and ankle joints extended around the onset of the upward phase. The elbow and 
wrist joints abruptly extended to release the ball when the 90 % time passed. In the middle of 
the upward phase, the shoulder joint stagnated its flexion.  
Figure 3 shows the changes in coefficient of variation (CV) of the joint angles in the standard 
motion model of the set shot. As for the set shot as a whole, the largest CV of the shoulder 
joint angle was in the downward phase, indicating that individual differences were observed in 
the motion to raise the upper arms and ball. As can be seen in Figures 3 and 4 the variation in 
the downward phase tended to be large in the wrist, elbow, shoulder and hip joints, but the 
variation of these joints tended to be small in the upward phase, especially just before the ball 

















Wrist Elbow Shoulder Ankle Knee Hip
Downward phase Upward phase
Upward 20Downward 80
S RM
10 20 30 100908040 50 60 700
ReleaseStart Mid-point
Downward phase Upward phase
Mid-point Release 
78
37th International Society of Biomechanics in Sport Conference, Oxford, OH, United States, July 21-25, 2019
https://commons.nmu.edu/isbs/vol37/iss1/17
 
Figure 3 Changes in the coefficient of variations of the joint angles in the standard 
motion model of the set shot. 
Figure 4 The average and standard deviation of the shoulder and hip  
joint angles (n=21). 
 
DISCUSSION: In the set shot motion represented as the standard motion model, the flexion 
of the shoulder and hip joints started in the downward phase, and the knee, ankle, elbow and 
wrist joints started to extend a little later than the onset of the upward phase. Before the ball 
release, the elbow and wrist joints were rapidly extended and the shoulder joint showed the 
second quick flexion from 93 % time, which followed the first flexion and the stagnated portion. 
The stagnated flexion of the shoulder joint may have partially occurred due to the reaction 
force resulted from the beginning of the elbow end ankle extensions. Many of the studies on 
the set shot motion for experts highlighted the sequential nature of  the upper limbs toward the 
ball release in the upward phase. However, in the set shot motion model created in this study, 
it obvious that preparation for the shot of the upper body was done in the downward phase, 
and this should be noted in teaching the set shot motion. The sequential behaviour of the 
standard motion model seems to support the study of Rikukawa et al. (2005) that the upper 
limb joint and the lower limb joint moved in a sequential manner although the flexion of the 
shoulder joint passed through the stagnated portion, despite it had begun in the downward 
phase. In broad sense, it can also be seen that the set shot was conducted from the proximal  
to the distal segments as well as in the throwing motion (Knudson, 2003). In shoot motion of 
basketball unnecessary movement such as too much bending legs or moving the ball too 
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standard motion model in the present study. Therefore, it’s considered to be appropriate as an 
motion model to be used for teaching.  
The motion variation between the subjects was large at the shoulder joint angle. In the 
downward phase, which was considered to indicate that individual differences were seen in 
the motion to raise the upper arm. As mentioned above, the flexion of the shoulder joint in the  
downward phase was considered to be one of the points to be noted in  teaching, but the fact 
that the variation in the shoulder joint was large was attributable to the fact that the motion to 
raise the upper arm  and its timing in individual differences were considered to be meaningful. 
In the wrist, elbow, shoulder and hip joints, since the motion variation became smaller in the 
upward phase, especially after 90 %, the individual difference was small among experts at the 
release. Therefore, it can be said that in the instruction of the set shot motion, it is useful to 
present the release of such a standard motion model as a desirable motion. The fact that the 
motion variation in the joints of the lower limbs in the downward phase was smaller than that 
in the upper limbs suggests that the flexion of the knee joint and the flexion and extension of 
the hip joint in the downward phase would be important actions in instructing unskilled players. 
In the standard motion model of the set shot motion, the motion variation in the upper limbs 
was large in the downward phase, while was small that of the lower limbs, the upward phase. 
The motion variation in the upper limb became small before the ball release. These results 
were obtained from skilled university male basketball players. In the evaluation and diagnosis 
of the techniques of unskilled players, it is useful to observe and focus on actions and phases 
in which these motion variations were small. 
 
CONCLUSION: In the standard motion model of set shot motion, flexion of the shoulder and 
hip joints began in the downward phase, and the extension was occurred in the order of the 
knee and ankle joints, with a slight delay, the elbow and wrist joints in the upward phase. The 
motion variation among subjects was large at the shoulder joint angle. In the downward phase, 
individual differences were seen in raising the upper arm. However, in the upward phase, 
especially before release, the motion variation of the wrist, elbow, shoulder and hip joints was 
small, implying a high commonality.  The standard motion model suggests that we need to pay 
attention to the preparatory movement of the shoulder joint in the downward phase, which has 
not been mentioned so much in the previous studies and instruction books. In the teaching of 
novice players, it is necessary to pay attention to the downward phase and preparatory 
movements. 
REFERENCES 
Ae, M., Muraki, Y., Koyama, H. & Fujii, N.(2007). A Biomechanical Method to Establish a Standard 
Motion and Identify Critical Motion by Motion Variability : With Example of High Jump and Spring 
Running. Bull. Inst. Health & Sport Sci. ,Univ. of Tsukuba, 30: 5-12． 
Filippi, A. (2011). Shoot like the pros. Chicago: Triumph books. 
Hay, J.G. (2011). The biomechanics of sports techniques. “pp. 212-234”. Tokyo: Book House HD． 
Japan Basketball Association.(2016). Basketball coaching theory revised edition Vol.1. “pp.94-119” 
Tokyo: Taisyukan Syosten. 
Knudson, D. (2003). Fundamentals of Biomechanics “pp.158-165”. New York: Kluwer Academic / 
Plenum Publishers. 
Murata, K., Ae, M., Uchiyama, H. & Fuji, N.(2008). A Biomechanical Method to Quantify Motion Deviation 
in the Evaluation of Sports Techniques using the Example of a Basketball Set Shot. Bull. Inst. Health & 
Sport Sci. ,Univ. of Tsukuba, 31: 91-99. 
Rikukawa, A., Yamada, H., Kato, T. & Uemura, T. (2005). Evaluation for shot skill of free throw in male 
college basketball players. Bulletin, Faculty of Physical Education, Tokai University 35: 1-12. 
Takei, M. (1984). Conditions for shooting in basketball. Journal of Health Physical Education and 
Recreation, 34(3): 251-253. 
Winter, D.A. (2009). Biomechanics and motor control of human movement (4th ed.) “pp.70-73”. New 
Jersey: John Wiley & Sons. 
 
ACKNOWLEDGEMENTS: We greatly appreciate Men's Basketball Team at Nippon Sport 
Science University, who gave us a lot of cooperation in data collection session.  
80
37th International Society of Biomechanics in Sport Conference, Oxford, OH, United States, July 21-25, 2019
https://commons.nmu.edu/isbs/vol37/iss1/17
